PGD 2 has long been implicated in allergic diseases. Recent cloning of a second PGD 2 receptor, DP2 (also known as CRTh2), led to a greater understanding of the physiological and pathophysiological implications of PGD 2 . PGD 2 signaling through DP1 and DP2 mediates different and often opposite effects in many cell types of the immune system. Although mast cells (MC) are the largest source of PGD 2 in the body, there is little information about their potential expression of DP2 and its functional significance. In this study, we show that tissue MC in human nasal polyps express DP2 protein, and that human MC lines and primary cultured human MC express mRNA as well as protein of DP2. By immunohistochemistry, we detected that 34% of MC in human nasal polyps expressed DP2. In addition, flow cytometry showed that 87% of the LAD2 human MC line and 98% of primary cultured human MC contained intracellular DP2. However, we could not detect surface expression of DP2 on human MC by single cell analysis using imaging flow cytometry. Blocking of endogenous PGD 2 production with aspirin did not induce surface expression of DP2 in human MC. Two DP2 selective agonists, DK-PGD 2 and 15R-15-methyl PGD 2 induced dose-dependent intracellular calcium mobilization that was abrogated by pertussis toxin, but not by three DP2 selective antagonists. MC mediator release including degranulation was not affected by DP2 selective agonists. Thus, human MC express DP2 intracellularly rather than on their surface, and the function of DP2 in human MC is different than in other immune cells such as Th2 cells, eosinophils and basophils where it is expressed on the cell surface and induces Th2 cytokine and/or granule associated mediator release. Further studies to elucidate the role of intracellular DP2 in human MC may expand our understanding of this molecule and provide novel therapeutic opportunities.
Introduction
Mast cells (MC) are tissue-resident cells derived from bone marrow progenitors. They are widely distributed throughout the body, performing multiple tasks in different locations and functional settings. MC are primary effector cells of allergic inflammation following IgE cross-linking and they also have diverse roles in angiogenesis, wound healing, tissue remodeling, regulation of inflammation, host defense, and innate and adaptive immune responses [1] [2] [3] [4] . Along with mediators such as histamine and proteases in the granules, and de novo synthesized cytokines and chemokines, activated MC produce an abundance of prostaglandin (PG) D 2 and leukotriene (LT) C 4 [5, 6] . These lipid mediators have bronchoconstricting and vasoactive properties, but also participate in host defense, inflammation, and allergic diseases through diverse activities such as effector cell trafficking, antigen presentation, immune cell activation and fibrosis [6] [7] [8] .
PGD 2 is a key mediator produced by activated MC [5, 9] and antigen presenting cells [10] following allergen exposure in patients with asthma, atopic dermatitis or allergic rhinitis [11] [12] [13] . PGD 2 contributes directly to smooth muscle contraction [14, 15] , vascular leak and vasodilation [16] that typically occur in type I hypersensitivity, and also potentiates cellular responses to other physiologically relevant mediators (eg., histamine) released during these allergic reactions [17] . It modulates dendritic cell migration and maturation [18] and induces migration and activation of human Th2 cells [19, 20] , eosinophils [21, 22] , basophils [20, 23] , and macrophages [24] . PGD 2 mediates its effects via activation of D prostanoid receptors (DPs). DP1, a member of the prostanoid family of G protein-coupled receptors (GPCR), uses pertussis toxin (PTX)-resistant G s proteins for its signaling that stimulates adenylate cyclase and elevates intracellular levels of cyclic adenosine monophosphate (cAMP). Recently, DP1 was shown to play a role in MC maturation toward an anaphylaxis-sensitive phenotype [25] . DP2 [also known as CRTh2 (chemoattractant receptor-homologous molecule expressed on Th2 cells), GPR44, and CD294] is a GPCR of the formylmethionylleucylphenylalanine receptor subfamily with a primary amino acid sequence homology to chemokine receptors. It signals with PTX-sensitive G i proteins that suppress adenylate cyclase and decrease intracellular cAMP levels, but induces intracellular Ca 2+ mobilization in response to PGD 2 [20, 26, 27] . Although DP2 was first discovered in human Th2 cells and is a specific marker for human Th2 compared to human Th1 cells, this differs in the mouse where both Th1 and Th2 cells express DP2 [28] . Human and/or mouse eosinophils, basophils, macrophages and dendritic cells express DP2, and DP2 signaling causes chemotaxis and activation of these cells [18] [19] [20] [21] [22] [23] [24] 26, 29, 30] .
Although MC are a major source of PGD 2 , little is known about DP2 expression in human MC except for an immunohistochemical study which shows DP2 expression in human nasal mucosa MC [30] . In mouse, DP2 transcripts have been identified in MC lines (P815, MC/9) [28] and bone-marrow derived primary cultured MC [31] . Boehme et al reported that DP2 in murine bone marrow-derived MC is involved in chemotaxis, downregulation of CD62L, and up-regulation of CD23 and CD30 [31] . However, given differences between human and mouse in structure of the DP2 gene [32] and in expression of DP2 in Th2 and Th1 cells, the functions of DP2 in human and mouse MC might differ. Thus, we examined for the first time whether DP2 is expressed on human MC and if ligation of DP2 influences human MC activation.
Materials and Methods

Cell culture
HMC-1 (human mast cell line-1), an immature MC line derived from a patient with MC leukemia (a gift from Dr. J.H. Butterfield, Rochester, MN) [33] , and LAD2 (laboratory of allergic diseases 2), developed from human bone marrow mononuclear cells (generously provided by Drs. D.D. Metcalfe and A. Kirshenbaum, National Institutes of Health, Bethesda, MD) [34] were cultured as previously described [35] .
Human peripheral blood-derived primary cultured MC (hPBDMC) and cord blood-derived primary cultured MC (hCBDMC) were developed from CD34 + progenitors as previously described with minor modifications [35] [36] [37] [38] . Briefly, approximately 100 mL of peripheral blood drawn from healthy donors into 10 mL heparinized Vacutainer tubes (BD Canada, Oakville, ON, Canada), or EDTA-treated umbilical cord blood from placentae obtained within 45 min of delivery were used. Ethics about the studies using human peripheral blood from healthy donor and cord blood from placentae after delivery were approved by the Human Ethics Research Committee, University of Alberta and Capital Health Region, and written informed consent for the use of donated peripheral blood or cord blood from placentae was obtained from each donor. The blood was diluted with the same volume of 10 mM phosphate buffer (pH 7.4) containing 150 mM NaCl [phosphate-buffered saline (PBS)] and then layered on Histopaque 1077 (Sigma-Aldrich Canada Ltd., Oakville, ON, Canada). The mononuclear cell fraction was obtained after centrifugation at 4506g for 30 min. After washing the mononuclear cells twice with PBS, CD34 + progenitors were isolated using the EasySep human CD34 positive selection kit (StemCell Technologies, Vancouver, BC, Canada). CD34
+ cells from peripheral blood were cultured at 5610 4 cells/mL in StemSpan SFEM (StemCell Technologies) supplemented with 100 ng/mL rhSCF (PeproTech Inc., Rocky Hill, NJ) and 100 ng/mL rhIL-6 (PeproTech Inc.) for 8 wk, with 30 ng/mL rhIL-3 (PeproTech Inc.) used for the first wk only for hPBDMC cultures. CD34
+ cells from cord blood were cultured in AIM-V (Life Technologies) supplemented with 100 ng/mL rhSCF for 8 wk to develop hCBDMC. The StemSpan SFEM or AIM-V was hemidepleted twice a wk. At 4 wk, the entire volume of old media was replaced once by fresh media and then hemidepleted twice a wk until 8 wk. Primary MC cultures were used after 8 wk and confirmed as. 99% MC by tryptase/chymase staining before use [38, 39] .
The DP2-transfected line K562/B19 and its control line K562/ neo was generously provided by Dr. K. Nagata (BML, Inc., Saitama, Japan) and cultured as previously described [40] .
Reverse transcription-polymerase chain reaction (RT-PCR)
Total RNA was extracted with RNAqueous-4PCR kit (Life Technologies) according to manufacturer's instructions and quantified by measuring optical density at 260 nm. Purity and integrity of extracted RNA were assessed by 260/280 nm ratio and applying to 1.2% formaldehyde-agarose gels, respectively. RT-PCR was carried out using SuperScript III First-Strand Synthesis System for RT-PCR (Life Technologies). Five mg of total RNA from each sample was used as template for reverse transcription reaction. The RNA/primer mixture (5 mg total RNA, 5 mM oligo(dT) 20 primers and 1 mM dNTP mixture in 10 mL DEPC-treated water) was incubated for 5 min at 65uC, then placed on ice for at least 1 min. Ten mL cDNA synthesis mixture (200 U SuperScript III reverse transcriptase, 40 units RNaseOUT, 20 mM DTT, 10 mM MgCl 2 , in 26RT buffer) was added and incubated for 50 min at 50uC, 5 min at 85uC and chilled on ice. Before proceeding to PCR, 2 U of RNase H were added and incubated for 20 min at 37uC. Two mL of the above cDNA was used for PCR with 1 U Red Taq DNA Polymerase (Sigma). PCR was carried out with Mastercycler Gradient (Eppendorf, Mississauga, ON, Canada). The specific primers were designed based on published sequence data: human DP2 (301 bp) forward 59-CCT CTG TGC CCA GAG CCC CAC GAT GTC GGC-39, reverse 59-CAC GGC CAA GAA GTA GGT GAA GAA G-39 [41] ; DP1 (635 bp) forward 5'-CTT CTA CCG ACG GCA CAT CAC C-3', reverse 5'-TGC ACC GGC TCC TGT ACC TAA G-3' [42] ; b-actin (326 bp) forward 5'-GGC ATC CTC ACC CTG AAG TA-3', reverse 5'-AGG GCA TAC CCC TCG TAG AT-3' [43] . We optimized the cycle number to be within the exponential phase of amplification. PCR with 2 mL of DNase/RNase free water (Sigma) instead of cDNA was run as a negative control and cDNA from human Th2 cells (CRTh2
+ T cells differentiated in vitro by culturing in Th2-polarizing conditions [44] ) was used as a positive control for DP2. The PCR DP2 Expression on Human Mast Cells PLOS ONE | www.plosone.orgproducts were analyzed by 1% agarose gel electrophoresis with ethidium bromide staining and confirmed by sequencing (DNA Core Services Lab, University of Alberta). For total expression (surface and intracellular) of DP2, cells were fixed with 100 mL 4% paraformaldehyde for 10 min on ice, permeabilized using 0.4% saponin for 10 min on ice, and FcR were blocked with 1 mL human FcR blocking reagent (Miltenyi Biotec) and 50.1 mg normal mouse IgG for 30 min at RT before staining with Ab. Data were analyzed with WinMDI ver. 2.9 (developed by Joe Trotter), FlowJo ver. 10.0.5 (Tree Star, Inc., Ashland, OR) or IDEAS software (Amnis).
Immunostaining of mast cells
Immunohistochemical staining of human nasal polyp mast cells
Nasal polyps were obtained from endoscopic sinus surgery from patients with chronic rhinosinusitis at the University of Alberta Hospital, Canada, from archives of 2007 to 2009 (n = 15) [39] . All studies were approved by the Human Ethics Research Committee, University of Alberta. Written informed consent for the use of tissues was obtained from each patient by a surgical release form signed before surgery, explaining that any tissue removed from the patient may be used for diagnosis, research, or disposal. After excision, tissue samples were placed in 10% neutral buffered formalin and then 4 mm sections were generated from each tissue block after dehydration and paraffin embedding. After heatinduced epitope retrieval (20 min at 90-95uC) using Target Retrieval Solution (Citrate pH 6.0, Dako, Burlington, ON, Canada), deparaffinized sections were incubated with 4% hydrogen peroxide in methanol for 20 min to reduce endogenous peroxidase activity. Sections were incubated in blocking solution (5% normal goat serum in PBS) for 30 min before incubation in primary Ab [rabbit anti-human DP2 IgG (Abcam Inc., Toronto, ON, Canada) and alkaline phosphatase-conjugated mouse antihuman MC tryptase (G3) IgG 1 (EMD Millipore, Billerica, MA)] or isotype matched control Ab [normal rabbit IgG (AbD Serotec, Raleigh, NC) and alkaline phosphatase-conjugated mouse IgG 
Statistical Analysis
All experiments were performed at least three times. Data were analyzed using GraphPad Prism (version 5) and presented as mean 6 SEM. p,0.05 was considered significant. Details of the statistical analyses used are indicated in figure legends.
Results
Expression of PGD 2 receptors in human MC
Despite increasing evidence for DP2, also known as CRTh2, expression and function in various cell types (eg., human Th2 cells, eosinophils, basophils, dendritic cells) [27, 40, 41] , little is known about expression and function of DP2 in MC [5] . We first examined expression of DP2 in MC in situ in human nasal polyp tissue. We previously reported that tryptase-positive MC were the dominant (. 99%) MC phenotype in human nasal polyp tissue (Fig 1A, black triangle in insert) [39] . As shown in Fig. 1A , DP2 positive cells in the nasal polyps included tryptase positive MC (double positive; white arrow in insert) and non MC (DP2 single positive; white triangle in insert). Using semiquantitative morphometric analyses of total nucleated cells below the epithelium, 1.560.2% were DP2 positive MC (double positive), and 9.260.8% were DP2 positive non-MC (DP2 single positive) (Fig 1B) . In the nasal polyps, 33.964.8% of tryptase + MC expressed DP2 (Fig 1C) .
We next examined expression of DP1 and DP2 in various human MC cultures. Two human MC lines, HMC-1 and LAD2, and two in vitro differentiated primary human MC, peripheral blood-derived MC (hPBDMC) and cord blood-derived MC (hCBDMC) expressed DP2 mRNA (Fig 2) . The level of DP2 mRNA was higher in primary human MC than human MC lines. DP1 mRNA was also detected in human Th2 cells and in primary cultured human MC but not in human MC lines. In flow cytometry analysis, DP2 protein was detected by immunostaining after permeabilization in 97.960.8% and 87.062.4% of hPBDMC and LAD2, respectively (Fig 3A, B) . However, surface expression of DP2 was observed only in 4.560.6% of hPBDMC and 11.462.4% of LAD2 (Fig 3C, D) , and similar results were obtained using an independently generated rat anti-human DP2 antibody (IgG 2a , clone BM16, Miltenyi Biotec) (Fig S1) . Although DP2 expression on MC surface was low, it was comparable to FceRI (3.361.2%, Fig 3E) on hPBDMC, a level that is functional in IgE-mediated mediator secretion (Fig 7B) .
These results show that DP2 is expressed by human MC, and provided a rationale to examine the function of DP2 in human MC.
DP2 agonist-induced cytosolic Ca
2+ flux in human MC; sensitive to pertussis toxin but not to DP2 antagonists
To determine whether DP2 in MC is functional, cytosolic Ca 2+ flux known to be downstream of DP2 signaling was assessed after treatment with DP2 agonists. Selective DP2 agonists, both physiologic and synthetic, DK-PGD 2 (Fig 4A, C) and 15R-15-methyl PGD 2 (Fig 4B, D) [47] respectively, induced a dosedependent (100 nM to 10 mM) cytosolic Ca 2+ flux in LAD2 cells. As DP2 receptors are coupled to Ga i proteins for their signaling [20] , we tested if the Ca 2+ flux in MC induced by DP2 agonists was Ga i mediated. LAD2 cells were pretreated with 10 nM pertussis toxin (PTX), which prevents G i complex from interacting with receptors by ribosylation of Ga i [48, 49] . As shown in Fig. 5 (Fig 5D) . PTX treatment did not affect either cell viability, as reported previously [50, 51] , or G i -independent Ca 2+ flux induced by thapsigargin (Fig S2) .
We next examined if this agonist-induced Ca 2+ flux could be inhibited by DP2 selective antagonists. When MC were pretreated with either DP2 antagonists (1 mM CAY10471 or 100 nM CAY10595) or DP2/TP dual antagonist (1 mM ramatroban) for 5 min, there was no significant effect on DP2 agonist-induced Ca 2+ flux in human MC (Fig 6) . These results suggest that intracellular Ca 2+ flux by DP2 agonists occurs through a PTX-sensitive signaling pathway, but it cannot be unequivocally established that it is DP2-dependent.
Effect of DP2 agonist, 15R-15 methyl PGD 2 on mediator release of human MC
Because DP2 activation induces degranulation of basophils [23] and eosinophils [21] , we examined if a DP2 agonist could affect human MC degranulation. The DP2 selective agonist, 15R-15methyl PGD 2 alone or in combination with IgE-crosslinking did not significantly alter degranulation (b-hex release) of LAD2 ( Fig 7A) and hPBDMC (Fig 7B) . Moreover, the DP2 selective agonist did not affect PGD 2 and LTC 4 release after IgEcrosslinking (Fig S3) . Since PGD 2 has been shown to induce Th2 cytokines from Th2 cells, we also examined IL-5 and IL-13 levels, but they were undetectable in both LAD2 and hPBDMC by DP2 agonist or IgE-crosslinking in the presence or absence of DP2 agonist (Table S1 ). 
Intracellular expression of DP2 in human MC
Since DP2 selective antagonists failed to inhibit DP2 agonist induced Ca 2+ flux (Fig 6) and DP2 selective agonists did not affect MC degranulation (Fig 7) or release of other mediators that we tested (Fig S3, Table S1 ), it is unclear whether the effect, although significantly inhibited by PTX (Fig 5) , is actually due to DP2 activation. Moreover, although we confirmed that our methodology detects surface expression on the DP2 transfectant (Fig 3G) , few MC (Fig 3C, D) showed surface expression of DP2, despite a high proportion of the MC expressing intracellular DP2. Thus, we examined MC expression of DP2 in further detail via imaging flow cytometry, a technique which merges fluorescence microscopy with flow cytometry allowing for robust quantitation of population-level morphological features based on single cell images [45] . In concordance with the conventional flow cytometry result shown in Fig 3, we detected extracellular staining for DP2 on 15.865.6% of LAD2 and 2.661.0% of PBDMC, and intracellular staining in 94.761.0% and 78.9613.3% of permeabilized LAD2 and PBDMC, respectively. Surprisingly, however, by analyzing DP2 + cell images, we established that positive signals detected after surface staining were from inside MC (Fig 8A, C, open triangles) , rather than on the surface. The ImageStream data also revealed that punctate staining for DP2 was observed in both LAD2 and PBDMC (Fig 8B, D, arrows) compared to DP2 transfected cells where DP2 was observed primarily on the cell surface (Fig 8E, F,  closed triangle) . Collectively, these data indicate that the majority of DP2 staining in human MC is found inside the cell.
Effect of constitutive PGD 2 on DP2 surface expression
Because we detected low surface expression of DP2 on human MC (Fig 3C, D and 8) and it has been shown that DP2 is internalized when it binds its ligand [52, 53] , we hypothesized that constitutive PGD 2 produced by SCF-induced MC activation in cultures [54] might provide an explanation for the low DP2 surface expression in MC. To determine whether expression of DP2 on the surface of MC might be enhanced by blocking constitutive PGD 2 production, we incubated LAD2 with 10 mg/ mL aspirin and then examined expression of DP2 by flow cytometry. However, as shown in Fig. 9 , blocking constitutive PGD 2 production did not affect surface expression of DP2. This result suggests that expression of DP2 inside of MC, rather than on the surface, is not a result of ongoing internalization due to constitutive PGD 2 production in our cultures. In an effort to stimulate surface expression of DP2 on MC, we also tried several other approaches, including treatment with IFNc and/or TNF, both which increase surface DP2 expression in eosinophils [55] , treatment with IL-4, which induce DP2 expression in T cells [56] and SCF depletion from culture media to prohibit SCF-mediated MC activation [54] . However, all were unsuccessful (Fig S4) . Collectively, this suggests that surface expression of DP2 in human MC is regulated differently than in other cell types (eg., eosinophils and Th2 cells).
Discussion
PGD 2 is the predominant prostanoid produced by activated MC and plays important roles in regulation of allergic inflammation, host defense, and innate and adaptive immune responses. However, there is a lack of understanding regarding expression of DP2 and its functional significance in human MC. In this study, we showed for the first time that human MC express DP2 (Figs 1-3, 8 and 9 ). Interestingly, DP2 expression was almost exclusively 8 and 9 ). We were unable to induce surface expression using several approaches including culture MC in surface DP2 increasing condition in eosinophils [55] or blocking constitutive PGD 2 production (Fig 9) . This suggests that surface expression of DP2 in human MC is regulated differently than in other cell types (eg., eosinophils).
Dose dependent cytosolic Ca 2+ flux was detected in human MC after treatment with DP2 selective agonists (DK-PGD 2 and 15R-15-methyl PGD 2 ) in a range of 100 nM -10 mM (Fig 4) and this was significantly depressed by PTX (Fig 5) . However, human MC required significantly higher doses (1-10 mM) of DP2 agonists to induce Ca 2+ flux than eosinophils [57] [58] [59] or Th2 cells (100 nM) [20, 60] . Moreover, DP2 selective antagonists did not inhibit DP2 agonist-induced Ca 2+ flux in human MC, although we used higher dose than their IC 50 shown previously in different experimental system [61] [62] [63] . However, we could not test higher doses of antagonists than shown in Fig 6, because these doses caused Ca 2+ flux by themselves. Given these results, it is not clear whether the intracellular Ca 2+ flux is DP2 dependent or not. The predominant intracellular expression of DP2 rather than on the cell surface of human MC may explain the need for a high dose of agonist to induce the Ca 2+ signal through intracellular DP2. PGD 2 and DK-PGD 2 have poor permeability of the cell membrane, although there is no information about PGD 2 uptake in human MC and there is no direct evidence that human MC express the prostaglandin transporter on the cell surface [64] [65] [66] [67] . The synthetic DP2 agonist (15R-15-methyl PGD 2 ) and DP2 antagonists have not been characterized in terms of their cell permeability. Further study of the permeability of DP2 agonists and antagonists will help to clarify DP2 dependency of intracellular Ca 2+ flux shown in this study. Although DP2 signaling can induce Th2 cytokine production [19] , degranulation [21, 23] and leukotriene production [29, 68] in other immune cells, we could not detect any of these responses in human MC stimulated with DP2 agonists. The lack of effect of DP2 agonists on MC mediator release suggest that the role of intracellular DP2 in MC is different than its role on the surface of other immune cells such as Th2 cells [19] , eosinophils [21, 29, 68] , and basophils [23] . Our results about the high dose of DP2 agonist required for Ca 2+ mobilization and the lack of effect of DP2 agonists on MC degranulation and cytokine release are consistent with those shown in mouse MC [31] .
With advances in analytical methods that enable imaging at subcellular resolution, there is increasing evidence of intracellular expression of GPCRs, and this reveals distinct functions and signal transduction mechanisms inside cells as compared with the plasma membrane location [69, 70] . For example, b2-adrenoreceptor, a prototypical GPCR, signaling occurs intracellularly in the endosome, as well as in the plasma membrane [69] , and more recently, Binda et al [70] showed that the intracellular expression of DP1 is associated with intracrine/autocrine signaling of DP1 mediated by ERK1/2 in the perinuclear region. Although further study is needed to define the intracellular location of DP2 in human MC, we observed punctate staining of DP2 in human MC (Fig 8) , typical of endosomal or granular expression. Therefore, intracellular DP2 in human MC may play an unknown role in MC function, distinct from the functions of cell surface DP2. Given the recent finding of a role for lipocalin-type prostaglandin D synthase (L-PGDS) and heat shock proteins in trafficking of DP1 to the cell membrane [70] , cell surface trafficking of DP2 may also be regulated by other proteins. Although L-PGDS did not mediate trafficking of other GPCRs, including DP2 [70] , they did not test hematopoietic PGDS (H-PGDS), the relevant PGDS in MC. The study of trafficking mechanisms of DP2 will help determine the role of different cellular locations of this receptor in different cell types.
In this study we showed intracellular expression of DP2 in human MC. Although DP2 agonists induced Ca 2+ flux and this was abolished with PTX, DP2 antagonists failed to inhibit Ca 2+ flux induced by agonist. Therefore DP2 dependency or not of agonist-induced Ca 2+ flux needs further clarification. DP2 agonists neither induced nor augmented b-HEX release, or eicosanoids (PGD 2 and LTC 4 ) and cytokine (IL-5 and IL-13) production in the presence or absence of FceRI crosslinking. This may be related with its location inside the cell rather than on the surface, and permeability of DP2 agonists and antagonists. Despite all our efforts, we were unable to induce surface expression or translocation of DP2 from inside to the surface. Further study is needed to understand trafficking and functional significance of DP2 in human MC. Understanding its functional significance in human MC and their responses may help inform development and application of DP2 antagonists for therapeutic intervention. Figure S3 DP2 agonist did not affect FceRI-mediated PGD 2 and LTC 4 production of human mast cell. hPBDMC or LAD2 were sensitized with 100 ng/mL biotinylated human IgE overnight. Cells were washed and stimulated with 100 ng/mL streptavidin in the presence or absence of indicated dose of 15R-15-methyl PGD 2 or PGD 2 for 30 min. The cells were centrifuged, and the release of PGD 2 or LTC 4 into the supernatant was measured by ELISA (Cayman Chemical). A. Effect of 15R-15-methyl PGD 2 on FceRI-mediated PGD 2 release from hPBDMC (n = 1). Note that 15R-15-methyl PGD 2 did not cross-react with PGD 2 ELISA. PGD 2 detected in the presence of 1000 ng/mL 15R-15-methyl PGD 2 was 0.8 ng/ml. B. Effect of 15R-15-methyl PGD 2 on FceRI-mediated LTC 4 release from hPBDMC. **p,0.01 compared with unstimulated control, but not significant (NS) in the presence or absence of 15R-15-methyl PGD 2 by repeated measures ANOVA followed by the Tukey posttest (n = 4). C. Effect of 15R-15-methyl PGD 2 on FceRI-mediated LTC 4 release from LAD2 (n = 1). D. Effect of PGD 2 on FceRImediated LTC 4 release from hPBDMC (n = 2). (TIF) Figure S4 IL-4, SCF starvation, and IFNc and/or TNF did not affect surface expression level of DP2 on human mast cells. hPBDMC (A, n = 2) and LAD2 (B, n = 3-4) were cultured in the presence or absence of 100 ng/ml rhIL-4 for 7 days then expression of DP2 on their surface were examined by flow cytometry. FceRI expression was examined as internal control for IL-4 effect. C. Expression of DP2 on the surface of LAD2 was examined after 1 day starvation of SCF. CD117 expression was examined as internal control for SCF starvation (n = 1). D. DP2 expression was examined after 1 day of LAD2 culture in the presence or absence of IFNc and/or TNF (n = 2). 
